Nitroxide free radicals lost their paramagnetic absorption spectrum when they were illuminated with visible light in aged but not freshly isolated inner mitochondrial membranes (SMP's). The action spectrum of spin loss rates coincided with a flavin absorption spectrum. Spin loss was compromised of reduction and "destruction"; the latter being defined as spin loss that cannot be reversed by ferricyanide oxidation. By placing SHP' s in gas permeable tubing and illuminating alternately under nitrogen and air, it was possible to discriminate qualitatively between spin reduction and destruction in the same sample. Aerobic spin loss was comprised entirely of destruction. 1\fhen aged SMP's were centrifuged, spin loss was observed in supernatants but not pellets; hence aqueous factors appeared to cause spin loss. Flavin fluorescence was observed in the supernatants, suggesting that free flavins catalyzed spin loss. However, addition of exogenous flavins to fresh SMP's did not cause spin loss; hence some other factor together with flavins was required to cause nitroxide destruction. This factor accumulates during either aerobic or anaerobic aging of SHP's and may be present in mitochondria. Supernatants of aged SMP's, when added to freshly isolated SMP's, induced rapid nitroxide destruction slightly accelerated photodamage to succinate oxidase and considerably increased photo-induced lipid peroxidation, suggesting that photodamage by the bound flavin of succinate dehydrogenase occurs in close proximity to the binding site, whereas free flavins catalyze destruction of random membrane targets.
tubing and illuminating alternately under nitrogen and air, it was possible to discriminate qualitatively between spin reduction and destruction in the same sample. Aerobic spin loss was comprised entirely of destruction. 1\fhen aged SMP's were centrifuged, spin loss was observed in supernatants but not pellets; hence aqueous factors appeared to cause spin loss. The destructive effect of visible light on tissues, cells and organelles has been studied extensively (1) . Blue light is particularly damaging in many cases, suggesting flavin involvement. Previously, this laboratory reported on visible light effects in mitochondria (2, 3) . Progressive functional inactivation was observed, beginning with the loss of ATP synthesis, and followed by inactivation of dehydrogenase flavoenzymes. Functional damage was accompanied by loss of flavins , sulfhydryl groups and lipid peroxidation.
Although light damage was enhanced by exogenous flavins, covalently bound flavins were destroyed at rates comparable to those for dissociable flavins. Furthermore, the inactivation required oxygen but it was unclear whether this requirement was merely to maintain the flavins in their light absorbing oxidized form or whether active oxygen species were directly responsible for damage. Failure to achieve protection with SOD, singlet oxygen scavengers, hydroxyl radical quenchers and antioxidants, suggested a minor role if any for these potentially destructive species except perhaps at the active sites of flavoenzymes (2) .
Two aspects of the damage process interested us particularly because of the possibility of further studies using nitroxide spin probes. , These were the possibility that damage was mediated by free radicals that· might have been generated by the excited flavins and the role of bound vs. free flavins.
Nitroxides are potentially useful to study oxygen involvement in free radical reactions because they are themselves free radicals, N-O·, which resemble ground state oxygen, ·0-0 ·, and which may thus compete with oxygen in free radical addition reactions.· However, 02 adducts are reactive peroxy radicals which may participate in chain reactions, whereas nitroxide spin pairing products are expected to be relatively unreactive. A number of stable nitroxide adducts have been described (4, 5) . Nitroxides also have the potential to serve as free radical detectors in another sense, since-they should readily undergo one-electron or hydrogen transfer reactions with other free radical molecules.
One-electron transfer reactions of nitroxides have been demonstrated with reduced flavins (6) , and with electron transport components of mitochondria (7) . However, since reduction of nitroxides can occur by two electron reductants like ascorbate, loss of nitroxide paramagnetism as assayed by electron spin resonance is not sufficient to establish free radical involvement in an interaction per se, and additional analyses are required to establish such involvement.
In other detection schemes, nitroxide precursors and derivatives have been used to detect active oxygen species, including superoxide radicals (8,9) and singlet oxygen (10) . These detection schemes exploit oxidation of the nitroxide derivatives to elicit a paramagnetic signal.
Mechanisms and biological effects of photosensitized oxidation were recently revie\..red (11) . The photooxidation of amino acids by flavins in particular has been studied extensively (e.g., 12,13). Analysis of the photoinactivation of a flavoenzyme, porcine D-amino acid oxidase provided evidence of localized destruction of amino acid residues at the flavin binding site (14) . The light media ted reduction of many flavoproteins appears to be catalyzed by traces of free flavins, i.e., aqueous photoreductants generally do not appear to have direct access to enzyme-bound flavins (15) .
In this report, the effect of illumi1~tion on nitroxides in mitochondrial membrane suspensions is described and correlated with photodamage to succinate oxidase of the respiratory chain and with light induced lipid perqxidation. The designation, TEMPR, refers to the structure 4-R-2,2,6,6-tetramethyl piperidine-1-oxyl (except for TEMPO). There was no interaction between flavins and TEMPOL in aerobic solution as assayed by ESR. In anaerobic solution, TEMPOL signal loss was observed, but at a considerably slower rate than that observed for aerobic, aged SMP's.
MATERIALS AND METHODS

Preparations
There was no effect of TEHPOL on FMN fluoroscence at TEMPOL concentrations that were tested (< 1 mM). To study the effect of oxygen on spit?-loss, experiments were conducted in gas permeable tubing surrounded by air or nitrogen. The Role of Membranes in Spin Loss: To define .the source of light-induced spin loss, SMP's that had been incubated in the dark for three hours at 37° C were centrifuged and spin destruction rates, i.e., aerobic rates of spin loss,
were measured in the pellet, supernatant and in pellets that had been resuspended in their supernatants. The maximum spin loss rate was observed in the supernatant, 10 the intermediate rate in the resuspended membranes and the minimum rate in the pellet. I.Jashed pellets had no spin loss activity.
The effect of charged groups on the nitroxides is shown in the Table. The Nitrone spin traps like DMPO and POBN have been used extensively to demonstrate the existence of free radicals (24) . Since the ESR spectrum arising from DMPO with illuminated SMP's is identical to the spectrum seen with only DMPO and FMN, there appears to be no correlation between nitroxide spin destruction and DMPO spin formation. It was suggested previously that nitroxides could arise from DMPO and light-excited flavins by a non-radical mechanism (25) . The spin adduct seen with POBN with white light is difficult to interpret owing to its rather low rate of appearance and the failure to observe an adduct with the broad-band interference filter. In summary, these nitrone traps do not appear to trap radicals in illuminated SMP' s even under conditions of rapid TEMPOL destruction. This does not rule out the interpretation that TEMPOL destruction is caused by radicals; rather it suggests that these nitrones with illuminated SMP's do not form radicals sufficiently stable to be observed by ESR spectrometry.
Relationship to Membrane Damage: It was of interest to determine whether the free radicals trapped with nitroxides played a role in the mechanism of flavin-sensitized photodamage. In freshly isolated SMP's without exogenous FMN, there is appreciable photodmage to succinate oxidase even though no radicals were detected under these conditions with TE}1POL. Thus, it is inferred that bound flavin exerts its destructJve effects in close proximity to its binding site, and that there is no propagation of damage to distant sites as seen in the lack of lipid peroxidation and spin destruction. Exogenous FMN increases photodamage only slightly, suggesting that singlet oxygen generated by free flavin is not a major damaging species in SMP photodamage.
The addition of supernatant from aged SMP's greatly increases lipid peroxida tion and slightly increases inactivation of succinate oxidase. Since the supernatant contains factor(s) that interact with light-excited flavins to produce free radicals, it is seen that the resulting radicals have destructive potential, including the initiation of lipid peroxidation and enzyme destruction.
Once initiated by exogenous radicals, free radical propagation does seem to occur in the SMP membranes siRce the most hydrophobic nitroxide, TEMPO, is destroyed appreciably more rapidly than the other probes. The relevance of these observations to photodamage in vivo is not clear. The factors we describe in aged SMP's which form radicals upon reacting with excited free flavins could also be present in vivo. Since they are water soluble, they would be removed from the SMP's during membrane isolation procedures, and hence freshly centrifuged SMP's would not exhibit light-dependent nitroxide destruction.
Given the potential of these free-radical precursors for.causing damage to lipids and enzymes, cheir further characterization is certainly of interest. Fiugre 5
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